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ΠΠΠΠΠΠΠΠΠΠΠΠΠΙΠΠ 7100620 

ΠΠΗΠΗΗΗ ΡΕΗΗΗΠΗΜΗΗΙΗΗΠΗΙΗΗΗΠΗΗ ΗΕ ΠΕΠ Η Π Η Ἡ U Gastrimargus marmoratus 
ΠΊΠηο|ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠ 15 904 bf] GenBank O O Π D 
EU527334 0 A- TD U 000000 Zocusta migratoria] 76.04% [] 3000000000220 ΙΠΝΑΠΠΠ 
20 ΙΝΑΠΠΠΠΗΠ 1057bp0 A+TOO0O0OOOOOOOOOOOOOO (ΙΗ Nos 0 Trot [Ud Ut 
ΠΠΠΠΠΠΠΠΠΑΙΝΠΝΠΒΡΠΠΠΠΠΠΠΠΠΠΠΠΠΊΠΠΠΠΠΠΠΠΗ ΤΑΑΠ ΤΑΟΠΠΠΠ 220 
ΙΜΝΑΠΠΠΠΠΠΠΠΙΠ ΝΑῚ AGNTI D. DAHUD ORNA υΥΠΠΠΠΠΠΠΠΟΠΠΠΠΠΠΠΠΠΗ 
Π 125ῃ 1:165:RNA(C] LLL L-DL DD D 30 0 B0 Hd 3000ġ00 6ΠΠΠΠ 4400 d D A«TO DO OL C]. 3D U 
ΗΗΠΗΠΗΗΗΠΗΗΗΗΠΗΗΗΠΗΗΗΗΠΗΗΗΗΠΠΗΝΑΗΗΗΗΗΗΗΠΗ 

uüubut L Q966 ΗΗΗΗΠΗΠΑ o Π ΠΠ Π0454-6208 2008[007-0671-10 


Complete mitochondrial genome sequence of dGastrimargus marmoratus 


[] Thunberg|[] Orthoptera[] Acridoidea| ] 

DANG Jiang-Peng[] LIU Nian[] YE Weill HUANG Yuan[] School of Life Sciences] Shaanxi Normal University[] 
Xi’ an 710062[] China[] 

Abstracf[] The complete sequence of Gastrimargus marmoratus[] Thunberg[] mitochondrial genome was 
determined using long PCR and conserved primers walking approaches. The results showed that the entire 
mitochondrial genome of G. marmoratus|] GenBank accession πο. EUS27334[] is 15 904 bp in length with 
76.596 A +T content. It contained 13 protein-coding genes[] 2 ribosomal RNA genes[] 22 tRNA genes[] and an 
A + T-rich region of 1 057 bp. All protein-coding genes of the G. marmoratus mitochondrial genome start with 
a typical ATN codon[] except for CO | and ND5 with TTG. The usual TAA and TAG termination codons were 
found for twelve protein-coding genes. However] the ND5 genes have an incomplete termination codod] ΤΠ. 
With respect to the secondary structures of 22 tRNA genes[] the absence of DHU arm of tRNA'T] AGN[] was 
observed as in Locusta migratoria . ΕΝΑ Π UGY[] with 9 bases in anticodon loop was found[] compared with 
typical 7 bases in others. The predicted secondary structures of 128 rRNA and 165 rRNA include 30 helices in 
3 structural domains and 44 helices in 6 domains[] respectively. The A + T content of the A + T-rich region is 
76.5%[] relatively higher than that of L. migratoria[] three tandemly repeated DNA sequences were found in 
the A + T-rich region in G. marmoratus . 
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ΠΙΠΠΠΗΠΠΗΠΙΠΙΠΠΗΠΗΠΠΠΠΗ 
ΠΗΠΗΠΗΠΗΠΠΗΠΗΠΗΠΗΠΠΠΠΠΠΗ 
ΠΗΗΠΠΗΠΠΗΙΠΗΠΗΠΠΠΠΗΗΠΠΙ Navajas et 
al .[] 1996[L] [1 D] D. D] E] D. U. D] EE] Π Π rRNA LI Π 
ΠΠΗΠΠΠΙΠΠΗ 125 :-NAD D DUUULUULU t 
ΠΠΠΠΠΠΠΠΠΠΓΠ Ballard et ai.[] 1992[T] 165 
ΙΝΑΠΠΠΠΠΗΠ ι25ΠΠΠΙΠΠΠΠΠΠΠΗ 
Π ΠΗ Black and Piesman[] 1994[] Kambhampati et αἱ .[] 
19960 [] 0 0 ΡΝΑΠΗ A« TEIL UL DL U ED] D LI ΤΗ 
ΠΠΠΠΠΠΠΠΠΠΗΠΗΠΠΠΗΠΠΠΗΠΗΗΠΠΗ 
ΠΗΠΠΗΠΠΠΗΠΠΗΠΠΠΗ ΠΗ Zhang and 
Hewitt] 1997] 

ΠΠΙΠ xRNA D] E] D] E] B] D] EE DE. DO. DE CE EI. LI 
00000000L 
ΠΠΠΠΠΠΠΠΠΠΠΕΗΝΑΠΠΠΠΠΠΠΠ 
ΠΗ stem regions [] Π ug loop regions[ [[] uu ut 
D DL UO D 70. ΠΗ iedels DE O UO DU U DU U ΠΠ Η 
ΠΠΠΙΠΠΙΗ RvAH HD D UO D UO BEL UO DL O D] DO 
EE ELEEET- EE EE ERET ΒΗΠ ΕΗΠΕΗ ΠΕ ΠΕΠ 
ΠΙΠΠΗΗΠΠΠΗΠΗΠΠΠΠΗΠΠΠΠΠΗ 
ΠΗΗΠΠΗΠΠΗΗΠΠΠΠΙΠΗΗΠΡΝΑΠΗΠΠΗ 
ΠΗΠΠΠΠΠΗΠΆΝΑΠΠΗΠΠΙΠΠΠΠΠΠΠΠ 
ΠΗΠΗΠΗΠΠΙΠΗΠΠΗΠΗΠΗΠΗΠΠΠΠΗ 
ΠΗΠΗΠΗΠΠΠΙΠΗΠΗΠΗΠΠΠΠΗΠΗ 
ΠΙΠΠΗΠΗΠΗΠΗΠΠΠΠΠ ΠΗ Page e αἰ.Π 
2002] 

ΠΗΗΠΠΠΗΠΗΠ 5 ΝΑΠΗΠΠΗΠΠΠΗ 
ΠΠΠΠΠΠΠΠΗ ΠΠ Hickson et αἱ .[] 1996[] Pagel 
2000[] Page et al .[] 2002[TT] O 16S rRNA [] LI EL] DJ L] 
ΠΠΠΠΠΠΠΠΗ ΝΠ VI Buckley et al .[] 2000Π] 
ΠΗΗΗΠΗΠΠΠΠΠΠΗΠΠΠΗΠΗΠΙΠΠΗ 
ΠΠΠΠΠΡΩΠΠΠΠΗΠΠΗΠΠΠΠΠΗ 
Drosophila virilis Stu] Cannone et al .[] 20020 ΠΠ 
ΠΗ Apis mellifer&] Gillespie et al .[] 20060 O0 O ΠΠ 
Ruspolia dubi] Zhou et al .[] 200700 O O O O rRNA 
ΠΠΠΠΠΠΗΗΠΠΗ 

ΠΠΠΗΠΠΗΠΘΠΠΠΠΠΗΠΠΠΠΠΠΗ 
OO Flook et αἰ.[] 1995[] Kim οἱ al.[] 2005[] Zhou οἱ 
al.[] 2007[]] Π Π ΠΠ Gastrimargus marmoratus 
O Thunbeg[] O Π O O D] D]. Orthopteral] O O O 
Π Acridoidea[ T] ΠΗ Acrididae O DJ E D D]. UU 
ΠΠΠΠΠΠΠΠΠΠ Π ΠΠ 200600 Π Π PCR D 
ΠΠΠΠΠΠΠΠΠΗΠΠΗΠΠΠΗΠΠΗΗ ΙΟΠΗΠΗ 
ΠΗΗΠΗΠΠΠΠΗΠΗΠΠΗΠΠΗΠΠΠΠΗ 


ΠΠΠΠΗΗΗΗΠΗΠΗΠΗΠΠΗΠΙΗΠΗ Π Η 
ΠΠΠΠΗΙΗΠΠΗΗΠΗΠΗΗΠΗΗΙΗΠΗ ΗΠΗ 
ΠΠΠΠΠΠΠΠΠΗΠ mNAD B ü ü dd p ü 
ΠΠ ΠΗ ΙΒΝΑΠΠΠΗΗΠΗΗΠΠΗΠΠΗΠΠΗΠΗ Η 
ΠΠΗΠΠΗΠΗΠΗΗΠΗΠΗΗΠΗ Η Π mNALDU 
ΠΠΠΗΠΠΗΠΗΗΗΠΠΗΠΗΠΗΗΗΠΗΠΗ Η 
ΠΠΠΠΗ 


1 ΠΠΠΙΗ 


1.1 O00 

ΠΗΠΗΠΗΠΗΠΠΗΠΠΗΠΗΠΗΠΙΠΠΗΠ 
ΠΗΠΠΠΗΠΙΠΠΗ 4c 
1.2 ΠΠ 
1.2.1 [] DNAL] LL UD DD. HH D] U D D LI D] 600 
pL D E Π Π ΠΠ 0.01. mol/L Tris] pH 7.805 mmol/L 
EDTA[] 5% SDS] w/v[T] 50 ng proteinase Κ/μΙΠΠ Π 
ΠΠΣΟΠΠΗΠΗ 3 5 h0 U LIU. DIE] pH 7.6 - 7.80 
ΠΠΠΠΠΠΗΠ απΠΠ «ΠΠ vsls24:100 Η 
000000 -20000 100%0 0 0 00 7096 
ΠΠ ΠΠ Π DNAD 
1.2.2 PERO 00000000 ΡΝναΠΠΠΠΙ 2 
ΠΠ PCRE DI D] D] E] D D] ponad D] HE] D UI U LI 
ΠΠΠΠΠΙ2ΟΟ6ΠΠΗΠΗΠ 200000000 A 
ΠΒΗΠΗΠΗΠΗΗΠΠΗΠΗΗ rean iB 
1.09: 0000000 Η ΠΗ D. ADNA/ Hind η 
ΗΠ Marked T] LL D. D] B] UU. D DI UI] D] D D. ETE] DNA 
ΠΠΠΠΠΠΠΗΠΠΠΗΗ 

ΠΗ ΡΟΑΠΗΗΗ ΠΠ Π Π Η Η Sub-PCROO 
00 230000 eo-1400bpUD 00000 DNA 
ΠΠΠΠΠΠΠΗΠΠΠΗΗ 
1.2.3. [] Π ΠΒ ΡΕΠΠΠΠΠΠΠΠΠΠΠΗ 
ΠΠΠΗΙΗΗΠΗΗ ΠΗ ΡΜΡΙΣΤΏΙΠΗΗΠΗ Η 
ABI PRISM BigDye Terminator v3.10 O00000 
000 PcRUD D UU UU ΠΠ ABI PRISM"' 3100- 
Avant Genetic Analyzei[] 
1.2.4 ΠΠΠΠΙΠΠΠΠΠΠΠΗ Staden Package 
1.[] Bonfield er al .[] 199500 0 0 00000 Π ΠΠ 
ΠΠΠ ΠΠ Locusta migratoria [] ΠΠ DNA [D] D] U 
ΠΠΠΠΠΠΠΠΠΠΠΙΗΝΑΠΠΗΠΗ rRNATI ΠΠ 
ΠΗΗΠΠΗ MEcA3.00 DHL D D BL D UL. O D U LU 
ΠΠΠΗΠΙΠΠΠΠΠΉΠΠΠΗΠΠΠΠΗΗ 
ΠΠ D O tRNAScean-SE ver. 1.21ῃ Lowe and Eddy] 
1997] ΙΗΝΑΠΠΗΗΗΠΗ Π Η 
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2.4 0000000 
ΠΠΠΠΠΠΠΠΠΠΙΠΠΠ 15904 bp ΠΠ 
000000 GenBank[IH O O O EU52733400 D 
FEE ΕΠ EE ESET ET EE ET. ΠΠ: DNAN 
O Wolstenholme[] 1992] TT] [] L] 37 U 0ġ0 000 130 
ΠΠΠΠ ΠΗ22ΖΠ ΙΗΝΑΠ D] L2 D. rRNA [I] LI LI Η 


Uu ATI HH BL HL EL HL EL HL C] DEL OE] 1400000 10 
004000000020 ΠΝΑΠΠΠ 80 tRNA 
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Π Π ET]. Flook οἱ ad .[] 19950 LE] O0 ΠΠ 








01 ΠΗΗΗΗΠΗΗΗΗΠΠΗΗ 
Fig. 1 The gene map for mitochondrial genome of 


Gastrimargus marmoratus 

ΠΠΗΠΠΗΠΗ ΝΗΠΗΠΗΙΗΝΑΠΗΠΠΗΗΠΗ Η 
ΠΠΠΠΗΠΙΩΠ5ΙΠ5ΖΠΠΠΠ ΜΠ CUNI NAI" 
Π UUR tRNA?T] ΑΟΝΠΙ ΝΑ Π UCNLT] Those genes encoded 
by the N strand are underlined. The tRNA genes are designated by 
single letter amino acid codes] LIO L20 51 and S2 denote the 
tRNA E]. CUNO ΝΑ Π UURLT] «RNA*T]. AGND and tRNA?" 
Π UCNL. 


ΠΠΠΠΗΠΗΠΠΗΗ 10000000 45 bpi D 


ΠΠΠΠΠΠΠΠ Gryllotalpa orientalis Burmeister 


[] Kim οἱ al. 2005LL] ΠΠ O 100 42 bp[] 70 29 
bel] HL OD D BH] B. DD HE. D HH DU. O 7. DO 7. 7 CI. D. Η 
Bombyx mori[] 20 2 Yukuhiro et al . 200200 O O 
ΠΠΠΗ Anopheles quadrimaculatus [] 152 253 Mitchell 
et al .[] 1993[T] 


ΠΠΠΠΠΠΠΠΠΠΗΠΙ9ΠΠΠΠΠΠΙΠ 
86 bp] L1 D LH] B] D. E] UO D] EE DE] D] D]. 160 100 bp D 
ΠΠ 8ΙΜΠΠΠΠΠΠΠΠ Με Anps O 
ΠΠΙ ΙΤΙΙΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗ 
0000 wm ὑΟΝΠΠΠΠ ΝΡΙΠΠΠΠΠΙΠ 
(] 19 bpL] 34 bpK] 0000000000 11 bp DI 
ΠΠΠΠΠΠΠΠΠΗ 
2.2 ΠΠΠΠΗΠ 

ΠΠΠΠΠΠΠΟΡΝΑΠΠΠΠΠΠΠΑΓΤΠΠ 
ΠΠΩΑΠΠΑΤΠΠΗΠ6.046Π1“ΠΠΠΠΠΠ 
ΠΠΙΠΑ-42.83961Τ-33.2196[16-14.4746Π60 
-9.48* [II] 0 0 ü ug 0B 0 0 0 B DAD D D 
00 ΠΠΠ 

ΠΠΠΠΠΠΠ 372000000000 
ΠΠΠΠΑΗΤΠΠΗΠ 75.10] DHL B 0 D A«TD 
ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΑΤΠΠΠ 
00m 90.4% 00000000000 0 0 
ΠΠΠΑΗΤΠΠΠΠ 

ΠΠΠΠΑΤΠΠΠΠΗΠ 125 rRNA D ΠΠ 
iRNA-Ile D] O 0 D] DI] D] O 1057 bp. A « TDI D 
84.3%0000 ΡΝΑΠΠΠΠΠΗΠ 
23.ΠΠΠΠΠΠΠΠΠΠ 

ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΙΠΟΟΙ 
Π ΝΗΣΠΠΠ ΤΠΠΙΠΠΠΠΠΠΠΠΠΠΗ 
Π ATNH B HH HH B. B]. D. U CI. D. 3 D. DE. D. U CIO 
001200000 ΤΑΑΠ TAGLI] O COLL] ND3 
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ΑΛΠΙΠ ΑΟΠ3Π UUD AAT] D] D D] UI. Ryan D] 
ΠΠΠΠΠΠΑασΠπΠ Π mNA"[] ΨΟΠΠ3Π UU 
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Table 1 The gene contents of Gastrimargus marmoratus mitochondrial genome 








ΠΠ ΠΠΠ 0000 0000 ΠΠ ΠΠ" ΠΠΠΠΗ ΠΠΠΠΩ 
Genes Coding strand Start. position End position Length ingenue Kuna Terminahioñ 
length * codons codons 
tRNA" J 1 65 65 0 
tRNAC^ N 63 131 69 -3 
tRNA? J 136 198 69 4 
ND2 J 200 1234 1 035 1 ATG TAA 
tRNA”? J 1 233 1 301 69 -2 
tRNAO^ N 1 294 1357 64 -8 
tRNAT* N 1 360 1427 68 2 
CO ] J 1432 2 973 1542 4 TTG TAG 
tRNA" J 2 969 3 034 66 -5 
co ll J 3 043 3714 672 8 ATG TAA 
tRNA“? J 3 713 3776 64 -2 
tRNA' J 3 780 3 850 71 3 
ΑΤΡΕ J 3 868 4 026 159 17 ATC TAA 
ΑΤΡ6 J 4 020 4 697 678 -7 ATG TAA 
σοι! J 4 702 5 493 792 4 ATG TAA 
tRNA” J 5 496 5 560 65 2. 
ND3 J 5 561 5914 354 0 ATT TAG 
tRNA“! J 5 913 5 977 65 -2 
ΕΝΑΛ J 5 981 6 044 64 3 
ΕΝΑΛ" J 6045 6110 66 
tRNAS” J 6111 6 177 67 
tRNAC" J 6 178 6 244 67 
tRNA"! N 6 243 6 307 65 -2 
NDS N 6 308 8 033 1 719 0 TTG T 
tRNAU'S N 8 043 8 107 65 
NDA N 8 111 9 448 1 338 3 ATG TAA 
NDAL N 9 442 9 723 282 -7 ATG TAA 
tRNA™ J 9 727 9 790 64 3 
tRNAP N 9 791 9 853 63 0 
ND6 J 9 856 10 377 522 2 ATT TAA 
Cytb J 10 382 11 518 1131 3 ATG TAA 
tRNAS® J 11 524 11 593 70 5 
ΝΡΙ Ν 11 615 12 550 936 11 ATG TAA 
tRNA" N 12 552 12 619 68 1 
165 rRNA N 12 613 13 939 1327 -7 
tRNA” N 13 941 14 012 72 1 
128 rRNA N 14 013 14 847 835 0 
A & T rich 14 848 15 904 1057 0 


᾿ΠΠΠΠΠΙΠΠΠΠΠΠΠΠΠΠΠΙΠΠΠΠΠΠΠΠΠΠΠΠ h the column intergenic length[] the positive number indicates interval base pairs 


between genes[] while the negative number indicates the overlapping base pairs between genes. 











02 ΠΗΕΗΗΗΗΗΗ ΗΕ ΠΗ Η Η Ἡ 
Table 2 The nucleotide composition of Gastrimargus marmoratus mitochondrial genome 

A) «Π T] «Π qd! «D d] «Π ΑΠ vel] n 
0000 Whole genome 42.8 33.2 4.5 9.48 76.0 15 904 
ΠΠΠ ΠΠ LL Protein-coding genes 33.2 41.9 2.7 12.2 75.1 11 135 
ΠΠΠΠΠΠ 1st codon site 33.3 35.2 2.4 19.1 68.5 3712 
ΠΠΠΠ U ΠΠ 2nd codon site 20.3 46.0 19.3 14.3 66.3 3712 
ΠΠΠΠ ΠΠ Π 3rd codon site 46.0 44.4 6.4 3.2 90.4 3712 
tRNA [] O tRNA genes 39.2 35.3 0.8 14.7 74.5 1 467 
rRNA [] [] rRNA genes 32.1 45.3 8.3 14.3 77.4 2 162 
ΑΚΤΗ ΠΠ A^ T-rich region 51.9 32.4 10.4 5.3 84.3 1057 





n00 D Π O Number of bases in corresponding sequence. 


























































































































70 HAHH GAH 00 HETE DEAT TEO TE 675 
us ΠΠΗΗΠΙΗΠΗΗΠΗΠΗΗΠ HE 
Table 3 The codon usage of Gastrimargus marmoratus mitochondrial genome 
ΠΠΠ ΠΠΠΙΠΠΠ ΠΠΠ ΠΠΠΙΠΠΠΠ ΠΠΠ ΠΠΠΙΠΠΠ ΠΠΠ ΠΠΠΙΠΠΠ 
ΠΠΠΠΠ ΠΠΠΠΠΠΠΠ ΠΠΠΠΠ ΠΠΠΠΠΠΠ ΠΠΠΠΠ ΠΠΠΠΠΠΠΗΠ ΠΠΠΠΠ ΠΠΠΠΠΠΠΗΠ 
Codori] aal] 11] RSCUL] Codoi[] aal] 11] RSCUL] Codoļ] aal] 1|] RSCUL] Codoil] aa[] ή] RSCUL] 
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Fig. 2 The 12S rRNA secondary structure of Gastrimargus marmoratus mitochondrial genome 
ΠΠΠΠΠ αΡΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗ 


The a and b region in panes mark the variable sections among the species compared. 
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Fig. 3 "The comparison of 128 rRNA secondary structures among Gastrimargus marmoratus 
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Fig. 4 The secondary structure of 165 rRNA in Gastrimargus marmoratus mitochondrial genome 
ΠΠΠΗΠΠΠΠΗΠΠΠΠΠΠΠΠΠΠΠΠΠΠ The pane and dashed indicate the variable sections among the species referred. 
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